WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bateau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61B6Y00 



Al 



(11) I nternational Publication Number: 
(43) International Publication Date: 



WO 95/15714 

15 June 1995 (15.06.95) 



(21) International Application Number: PCT/US94/14090 

(22) International Filing Date: 5 December 1994 (05.12.94) 



(30) Priority Data: 

08/162,986 



8 December 1993 (08.12.93) US 



(71)(72) Applicants and Inventors: FTTZPATRICK, J., Michael 
[US/CJS]; 6301 Robin Hill Road, Nashville, TN 37205 (US). 
McCRORY, Jennifer, J. [US/US1; 9 Timberland Drive, 
Lincoln, RI 02865 (US). 

(74) Agents: WELLS, William, IC, Jr. ct aL; Kcnyon & Kenyon, 
1025 Connecticut Avenue, N.W., Washington, DC 20036 
(US). 



(81) Designated States: CA, JP, European patent (AT, BE, CH, DE, 
DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE). 



Published 

With international search report 



(54)Titie: LOCALIZATION CAP FOR FIDUCIAL MARKERS 
(57) Abstract 

A detachable cap for use in detenmning the location of the 
center of the imageable portion of a fiducial marker is disclosed. 
The lower portion of the cap has three arms (218) and a boss 
(220) for providing a detachable connection with an implanted base 
portion (30) to which an imaging marker (10) can be attached. 
The upper portion of the cap includes a divot-like depression (234) 
that is configured to mate with a ball (52) whose center can be 
determined. The ball, marker, and divot are configured so that the 
center of the ball, when mated to the divot, is coincident with the 
center of the marker when it is attached to the base in place of the 
cap. Knowledge of the location of the center of the ball when it 
is brought into engagement with the divot of the cap can be used 
to determine the location of the center of the marker when it is 
attached to the base. 
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LOCALIZATION CAP FOR FIDUCIAL MARKERS 

Background of the Invention 

This application is a Continuation- in-Part of U.S. 
5 Application Serial No. 08/017,167, which was filed on 
February 12, 1993. 

Recent years have seen the development of 
diagnostic techniques that allow the practicing 
clinician to obtain high fidelity views of the 

10 anatomical structure of the human body. Imaging 
systems such as computed tomographic (CT) x-ray 
imagers, positron emission tomographic (PET) scanners, 
single photon emission computed tomography (SPECT) 
scanners and nuclear magnetic resonance imaging (MRI) 

15 machines have provided clinicians with the ability to 
improve visualization of the anatomical structure of 
the human body without surgery or other invasive 
techniques. In lieu of exploratory surgery, the patent 
can be scanned by these imaging systems, and the 

20 patient's anatomical structure can be reproduced in a 
form for evaluation by a trained doctor. A problem 
associated with such scanning techniques concerns the 
accurate selection and comparison of views of identical 
areas in images that have been obtained essentially at 

25 the same time using different image modalities, e.g., 

CT, MRI, SPECT, and PET. This problem has two aspects. 
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First, in order to relate the information in an image 
of the anatomy to the anatomy itself, it is necessary 
to establish a one-to-one mapping between points in the 
image and points of anatomy. This is referred to as 
5 registering image space to physical space. 

The second aspect concerns the registration of one 
image space onto another image space- The goal of 
registering two arbitrarily oriented three dimensional 
images is to align the coordinate systems of the two 

10 images such that any given point in the scanned anatomy 
is assigned identical addresses in both images. The 
calculation of the rigid body transformation necessary 
to register the two coordinate systems requires 
knowledge of the coordinate vectors of at least three 

15 points in the two systems. Such points are called 
"fiducial points" or "fiducials," and the fiducials 
used are the geometric centers of markers, which are 
called "fiducial markers". These fiducials are used to 
correlate image space to physical space and to 

20 correlate one image space to another image space. The 
fiducial markers provide a constant frame of reference 
visible in a given imaging mode to make registration 
possible. 

The general technique for using fiducial markers 
25 to obtain registration of image data across time is set 
forth in U.S. Patents No. 4,991,579 and No. 5,142,930, 
the contents of both of which are incorporated herein 
by reference. Briefly, these patents teach implanting 
within a patient a series of three fiducial markers 
30 whose location can be determined in the image space of 
an imager. 

Broadly speaking, image markers can be either 
temporary or permanent with respect to the duration of 
their placement within the human body. Permanent 
35 markers are placed entirely beneath the epidermis of 
the skin for extended periods of time. Temporary 
markers (more fully described in the parent application 
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Serial No. 08/017,167) have two parts: a base that is 
implanted into bone, and a temporary image marker 
portion that is attached to the base for brief 
intervals of time. In the temporary marker, the image 
5 marker portion protrudes from the skin. 

In both the temporary and the permanent markers, 
the marker portion may take the form of a hollow 
container that is charged with aqueous imaging agents 
to provide imaging capability in the desired imaging 

10 modality or modalities. Parent Application Serial No. 
08/017,167 (the contents of which are incorporated 
herein by reference) more fully discusses the structure 
of each type of marker and the imaging agents which can 
be used with therewith. 

15 Whichever type of marker is employed, its precise 

location, or more accurately, the precise location of 
the geometric center of the imageable portion of the 
marker must be determined with respect to a defined 
external coordinate system in physical space. With 

20 respect to permanently implanted markers, ultrasound 
can be used to determine non-invasively the location 
of the fully implanted marker. Other techniques can be 
employed with respect to temporary , externally 
protruding markers. One method involves bringing the 

25 tip of an external probe whose location in physical 
space is known into proximity with the marker itself. 
However, this may result in significant errors in the 
location of the precise volumetric centroid of the 
imaging portion of the marker. There remains a need 

30 for a technique for locating the center of a temporary 
fiducial marker that is simple to practice and which is 
very accurate. 

Summary of the Invention 
35 In view of the foregoing needs, the present 

invention provides medical workers with a localization 
cap that can be detachably mounted to the base portion 
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of a temporary fiducial marker assembly that has been 
rigidly affixed to bone. The localization cap is 
provided with a concave depression or divot shaped so 
that a spherical ball can mate with it in only one 
5 position. An intraoperative localization device, which 
is a wand or probe that terminates in a ball shaped to 
mate with the divot , is provided to help determine the 
location of the volumetric center of the imageable 
portion of the marker relative to the base (when the 

10 marker is attached to the base) as follows. 

The location of the center of the ball at the end 
of the probe is defined with respect to physical space 
by one of a number of known techniques. For example, 
the probe may be connected to an articulated arm 

15 equipped with sensors that measure the orientation of 
each segment of the arm with respect to its adjacent 
portion and base as (this technique is more fully 
discussed in U.S. Patent No. 5,142,930). Another 
approach is to utilize a hand-held probe covered with a 

20 network of light emitting diodes configured to flash in 
a pre-detennined sequence. A series of several 
detectors is placed in the operating theater about the 
probe so that the orientation and location of the probe 
and spherical probe tip with respect to physical space 

25 can be computed by reference to the pattern of flashes 
emitted from the diodes. 

The ball, marker, and location cap are configured 
so that the center of the ball, when placed firmly 
within the divot, will occupy a point in space that 

30 corresponds to the volumetric centroid of the imaging 
portion of the marker when it is attached to the base. 
Therefore, by labeling the location of the ball of the 

♦ 

intraoperative localization device in physical space 
when it is mated with the divot, one also obtains the 
35 location of the exact center of the marker when it, 

instead of the location cap, is attached to the base. 
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Brief Description of the Drawings 

For a more complete understanding of this 
invention, reference should now be made to the 
embodiments illustrated in greater detail in the 
5 accompanying drawings and described below. In the 
drawings: 

FIG. 1A is an elevational view of a fiducial 
marker attached to an implantable base; 

FIG, IB is a cross-sectional view of the marker 
10 and base shown in FIG 1A as viewed along line A-A; 

FIG. 2A is an elevational view of the localization 
cap shown partially in section; 

FIG. 2B is a bottom plan view of the localization 
cap shown in FIG. 2A; 
15 FIG. 2C is a top plan view of the localization 

cap; 

FIG. 3 A is an elevational view of the fiducial 
marker assembly, in which the localization cap instead 
of a marker is shown attached to the base; 
20 FIG. 3B illustrates in cross section the 

embodiment shown in FIG. 3A as viewed along line A-A; 

FIG. 4 is a sectional view of a second embodiment 
of the localization cap attached to its base, in 
cooperation with an intraoperative localization device; 
25 FIG. 5 A shows the manner in which the ball (shown 

in phantom) mates with a hemispherical depression in a 
localization cap; 

FIG. 5B shows the manner in which the ball (shown 
in phantom) mates with a cylindrical depression in a 
30 localization cap; and 

FIG. 5C shows the manner in which the ball (shown 
in phantom) mates with a conical depression in a 
localization cap. 
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Detailed Description 

Referring now specifically to the drawings , 
wherein like numerals indicate like parts throughout, a 
temporary fiducial marker assembly is indicated in. 
5 FIGS. 1A and IB* These figures illustrate a fiducial 
marker assembly comprising an imaging marker 10 and a 
base 30. (The dimensions indicated on these and the 
remainder of the figures are illustrative only, and 
reflect only one possible embodiment.) 

10 The base 30 has a threaded portion 32 at a first 

end. The threads enable a surgeon to securely attach 
the base into the skull or other desired portion of 
bone tissue. Other connecting structure is provided to 
securely and releasably link the imaging marker with 

15 the base* In the illustrated embodiment, the end of 

the base opposite the threaded portion terminates in a 
socket head 38 which contains a socket-like recess 36. 
(It is anticipated that the base will be implanted into 
bone with the aid of an insertion tool that twists the 

20 base into the bone or into a hole provided in the bone. 
The recess is non-circular so as to better transmit the 
torque provided by such an insertion tool.) Just 
beneath the socket head 38 is a groove 34. As shall be 
further explained below, the socket 38 and the groove 

25 34 provide for the secure and releasable attachment of 
both an imaging marker and a localization cap to the 
base. 

The imaging marker portion of the temporary 
fiducial marker assembly may consist of two principal 

30 portions, a cylinder 12 and a cap 16. The cylinder 12 
contains a cavity 14 for receiving a mixture of imaging 
agents whose composition is determined by the imaging 
modalities to be employed. (For a further discussion 
of the imaging agents employed, reference is made to 

35 the parent application. ) While in the illustrated 

embodiment, the vessel containing the imaging agents is 
preferably cylindrical, other shapes (such as a prism 
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or sphere) could be employed as well. The cylinder 12 
is closed at one end and open at the other to allow for 
the introduction of the imaging agents* In one version 
of the device, a cap 16 is used to seal off the open 
5 end of the cylinder once the imaging agents have been 
added to the cylinder* In this version, the cap may be 
cemented or welded into place. 

The imaging marker typically is provided with a 
protruding boss 20 and a plurality (here, three) of 

10 snap arms 18, which terminate with inwardly projecting 
portions* The shape and dimensions of the boss are in 
direct correspondence with the shape and size of the 
socket 36 provided in the base 30 so as to properly and 
securely center the imaging marker on the base. The 

15 snap arms 18 cooperate with the grooves 34 of the base 
30 so as to detachably secure the imaging marker onto 
the base* The cooperation of these elements is 
illustrated in FIGS. 1A and IB. 

The other component attachable to the base is the 

20 localization cap. The localization cap can be made of 
the same polymer as the marker 12, or any other 
material capable of being formed into a dimensionally 
stable shape (e.g., metal). Any conventional process 
for forming precision parts can be employed to form the 

25 cap. For example, when a polymer is used, the cap can 
be formed via injection molding alone or in combination 
with machining. The localization cap shown in FIGS. 
2A - 3B has a divot 134 formed into a divot socket 132. 
The divot is sized and shaped with respect to the 

30 localization cap and the imaging marker so that when 
the localization cap is placed on the base 30, its 
center of curvature is coincident with the geometric 
center of the fluid-filled cavity of the marker 12 when 
the latter is attached to the base 30. 

35 Similar to the marker 12, the localization cap is 

provided with a protruding boss 120, and a trio of snap 
arms 118 terminating with inwardly projecting tips 122. 
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The shape and dimensions of the boss are again in 
direct correspondence with the shape and size of the 
socket 36 provided in the base 30 so as to properly and 
securely center the localization cap to the base. The 
snap arms 118 cooperate with the groove 34 of the base 
30 so as to detachably secure the localization cap onto 
the base. FIG, 4 illustrates another embodiment of 

the localization cap having a divot 234, which also 
employs a boss 220 and snap arms 218 to effect 
connection to the base 30. This localization cap 
differs from the previous embodiment in that it lacks a 
skirt 130 and utilizes a thicker divot socket 230, 
While these embodiments utilize snap arms to connect 
the localization cap to the base, other fastener 
structure may be provided for attaching the 
localization cap to the base, such as screw threads, 
clasps , hooks, etc. 

In the embodiments of the localization cap shown 
in Figures 2 - 5A, the divot is seen to take the form 
of a hemisphere that mates with a ball. However, other 
shapes can be used. For example, in Fig. 5B, the divot 
takes the form of a cylinder 334; in Fig. 5C, the divot 
takes the form of a conical section 434. Any divot 
shape that provides a fixed mating surface for the tip 
of the localization device can be employed, and these 
illustrated shapes are merely examples of several such 
possible divot shapes. While the ball at the end of 
the probe could similarly be replaced with a tip having 
a different shape (such as a conical projection or a 
prism), a spherical ball is preferred, as it allows the 
greatest variation in the orientation of the probe 
while it remains mated to the divot. 

The method of utilizing the localization cap shall 
now be explained in detail in the context of 
neurosurgery. A series of at least three (and 
preferably four) bases is inserted into a corresponding 
number of holes drilled in the skull. A temporary 
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marker is attached to each of these bases, and the 
patient is then subjected to one or more scans in the 
radiological suite. The markers are designed to be 
visible in the image space of each scan taken, so that 
5 their geometric centers can be localized and used to 
define a series of points sufficient to form the basis 
of an addressable internal coordinate system with 
respect to the image space. 

After the scans have been taken, the markers are 
10 detached from their respective bases. At this point, 
the patient typically will be removed from the 
radiology suite, as the surgeon studies the scans to 
plan a subsequent surgical procedure or radiological 
treatment. 

15 After the surgical procedure to be performed on 

the patient is decided upon, the patient is transported 
to the operating theater and immobilized in a skull 
clamp. 

The skull clamp serves to force the head of the patient 

20 into a more or less fixed relationship with respect to 
his external physical environment. However, the skull 
clamp does not itself make known the mathematical 
relationship that exists between the internal 
coordinate system previously established by the 

25 temporary markers and the external environment in which 
the surgeon operates. In order for the surgeon to 
determine the relationship between physical space 
(e.g., the operating room at the time of surgery) and 
the image space with respect to which the image data 

30 has been defined, the localization caps are employed. 

The surgeon snaps the localization caps into place 
on the marker bases. The surgeon then brings the ball 
52 of the probe 50 into cooperative engagement with the 
divot 234 (FIG. 4), which may be hemispherical (Fig. 

35 5A), cylindrical (Fig. 5B) , or conical (Fig. 5C) . At 
this point, the center of the ball 52 is coincident 
with a point in space that corresponds to the centroid 
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of the imaging portion of the marker 12 when the latter 
is affixed to the base 30. Any means for defining the 
location in physical space of the center of the ball 52 
can be used to provide the corresponding physical space 
5 address of the centroid of the imaging marker 

previously located in image space. In other words, an 
address in image space (the centroid of a marker) is 
related to physical space. By providing three linearly 
independent such addresses -i.e., the addresses of the 

10 three centroids of the three markers - every address in 
image space can be assigned a discrete address in 
physical space, and every address in physical space can 
be related back to an address in image space. 

One method of so defining the location of a point 

15 in space is set forth in U.S. Patent No. 5,142,930. In 
this patent, the probe is located at the end of an 
articulated arm whose orientation in space is monitored 
by a computer. The computer senses the angular 
orientation of each segment of the articulated arm. By 

20 using arm segments of fixed length, this information 
can be used to define the location of the ball at the 
end of a probe attached to or integrated with the arm 
in physical space. 

One disadvantage of using an articulated arm is 

25 its size. The arm may take up space that the surgeon 
would prefer be utilized in another manner. Also, 
because of its size, the arm may be cumbersome to 
manipulate. Another technique for defining the 
location of the center of the ball 52 that lacks these . 

30 shortcomings utilizes a freely moveable hand-held wand 
terminating in the ball 52. The wand is provided with 
a number of flashing light emitting diodes. The light 
given off by the LEDs is detected by a series of 
several detectors that provide information regarding 

35 the position of the LEDs to a computer. The computer 
uses this information to compute the position and 
orientation in physical space of the wand, including 
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the particular address of the center of the ball 52 at 
its tip. The surgeon firmly places the ball of the 
wand into the divot of the localization cap and then 
presses a button on the wand which signals to the 
5 computer that the ball is centered at the address which 
corresponds to the corresponding marker centroid. (A 
fuller description of such a system is provided in U.S. 
Patent No. 5,197,476, the contents of which are herein 
incorporated by reference.) This is repeated for each 

10 localization cap, which then defines the relationship 
between image space and the physical space occupied by 
the head of the patient as it lies fixed within the 
skull clamp in the operating room. 

Whichever the technique employed, once the 

15 intraoperative localization device has made contact 

with the localization caps so as to relate image space 
with physical space, the intraoperative localization 
device can be used to summon up a broad range of 
desired images by its further movement. For example, 

20 the system can, by continuing to monitor the position 
of the tip of the intraoperative localization device, 
be programmed to display images from image space of the 
corresponding region of the anatomy lying at, adjacent 
to, or in advance of the tip of the intraoperative 

25 localization device. With respect to this last 
feature, by using the system to determine the 
trajectory that the tip of the intraoperative 
localization device follows, one defines a direction 
of interest to the surgeon. This directional 

30 information can be used to provide a so-called "pilot's 
eye view" of the anatomical region of interest, in 
which the surgeon sees a display of the region of 
anatomy that he is about to cut into. 

The intraoperative localization device discussed 

35 above is specialized solely for the task of providing 

an address in physical space that can be used to summon 
up images based on known related addresses in image 
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space. The intraoperative localization device may also 
be provided in the form of a compound tool, capable of 
performing both as an intraoperative localization 
device and as a knife or any other conventional tool. 



5 
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WHAT IS CLAIMED IS ; 

1. A fiducial marker localization cap for use 
with a fiducial marker base, comprising an upper 
5 surface which includes a geometrically distinct region 
for mating with the end of a localization probe, a 
lower surface , and means for demountably connecting the 
localization cap to a base, 

10 2. A fiducial marker localization assembly, 

comprising: 

a localization cap having an upper surface and a 
lower surface, said upper surface including a 
geometrically distinct region for mating with a probe; 
15 a base for supporting the localization cap, 

said base having means for accommodating the attachment 
of the base to tissue; and 

means for detachably securing the 
localization cap to the base. 

20 

3* The fiducial marker localization assembly of 
claim 2, wherein the means for detachably securing the 
localization cap to the base includes a boss protruding 
from the lower surface of the localization cap and a 
25 correspondingly sized socket located on the base 

configured so that the boss of the localization cap can 
mate with the socket and thereby form a detachable 
connection between the localization cap and the base. 

30 4. The fiducial marker localization assembly of 

claim 2, wherein the means for detachably securing the 
localization cap with the base includes: 

a plurality of arms projecting from the 
localization cap. 

35 

5. The fiducial marker localization assembly of 
claim 4, wherein the base is provided with grooves and 



WO 95/15714 



PCT/US94/14090 



14 

the arms of the localization cap terminate in 
projecting portions that cooperate with the grooves on 
the base for connection therewith. 

5 6. The fiducial marker localization cap of 

claim 1, wherein the localization cap is cylindrically 
symmetrical . 

7. The fiducial marker localization cap of claim 
10 1, wherein the localization cap is made of a polymer. 

8. The fiducial marker localization cap of claim 
1, wherein the means for demountably connecting the 
localization cap to a base comprise a boss extending 

15 from the lower surface of the localization cap. 

9. The fiducial marker localization cap of claim 
1, wherein the means for demountably connecting the 
localization cap to a base comprise comprises a 

20 plurality of arms extending from the lower surface of 
the localization cap. 

10. The fiducial marker localization cap of claim 
1, wherein the geometrically distinct mating region of 

25 the localization cap includes a generally hemispherical 
socket. 

11. The fiducial marker localization cap of claim 
1, wherein the geometrically distinct mating region of 

30 the localization cap includes a generally cylindrical 
socket. 

12. The fiducial marker localization cap of claim 
1, wherein the geometrically distinct mating region of 

35 the localization cap includes a generally conical 
socket. 
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13. The fiducial marker localization cap of claim 
1, wherein the geometrically distinct mating region of 
the localization cap comprises a spherical surface. 

5 14. A kit for determining the center of a 

fiducial marker, comprising: 

a localization cap having an upper surface, a 
lower surface, and a mating portion located on the 
upper surface; 
10 means located on the localization cap for 

demountably connecting the localization cap to a base; 
and 

a localization probe having an end that terminates 
in a mating portion that is configured to mate with the 
15 mating portion of the localization cap. 

15. The kit of claim 14, further comprising a 
base to which the localization cap can be detachably 
mounted, said base being configured for attachment to 

20 bone tissue. 

16. The kit of claim 15, wherein the mating 
portion of the localization probe and the mating 
portion of the localization cap are configured so that^ 

25 when they are in operative engagement with one another, 
the geometric center of the mating portion of the probe 
is at a known fixed position relative to the base. 

17. A kit for facilitating the establishment of 
30 at least one coordinate point with respect to the 

anatomy of a subject, comprising: 

a localization cap having an upper surface and a 
lower surface and a mating area located on the upper 
surface; 

35 a localization probe having an end that terminates 

in a mating portion that is configured to mate with the 
mating portion of the localization cap; 
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a base to which the localization cap can be 
detachably mounted, said base being configured for 
attachment to bone tissue; and 

a fiducial marker that can be detachably mounted 
5 to the base, said fiducial marker having an imageable 
portion that has a center, wherein the center of the 
imageable portion of the fiducial marker, when attached 
to the base, is coincident with the geometric center of 
the mating portion of the localization probe when the 
10 localization cap is attached to the base and the 

localization probe is brought into operative engagement 
with the localization cap, 

18 . A method for ascertaining the geometric 

15 center of a fiducial marker having an imageable portion 

that can be detachably mounted to a base portion, the 

method comprising: 

attaching to the base a localization cap having a 

socket shaped so that a sphere can mate with it so as 
20 to uniquely define the location of the center of the 

sphere; 

bringing the tip of a probe that terminates in a 
spherical portion into engagement with the socket; and 

determining the location of the center of the 
25 spherical tip of the probe with respect to a coordinate 
system. 

19. The method of claim 18, wherein the shape of 
the localization cap is selected so that the location 

30 of the center of the spherical tip of the probe when 
mated to the socket of the localization cap is at the 
same point relative to the base as the center of the 
imageable portion of the marker when it is attached to 
the base, so that by knowing the location in space of 

35 the center of the spherical tip of the probe when it 
is mated to the socket of the localization cap, the 
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location of the center of the marker, when attached to 
the base, can be determined. 

20. A method for relating the data of an image 
5 space to physical space, comprising the steps of: 
attaching a series of at least three bases to 

bone; 

attaching an imageable marker to each base; 

scanning the anatomy so as to generate an 
10 addressable space; 

locating the centroid of each marker in the 
addressable space; 

removing the imageable markers from their bases; 

attaching a localization cap to each base; and 
15 relating the position in space that the centroids 

of the imageable markers would occupy were they 
attached to the bases to an externally defined 
coordinate system. 

20 21. The method of claim 20, wherein the step of 

relating the position in space that the centroids of 
the imageable markers would occupy were they attached 
to the bases to an externally defined coordinate system 
comprises touching a tool having a physical address 

25 that is known with respect to the externally defined 
coordinate system to each of the localization caps. 

22. The method of claim 21, further including the 
step of generating an image based on the data generated 
30 during the scan in dependence upon the position of the 
tip of a tool whose position in the externally defined 
coordinate system is known. 
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